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(54) APPARATUS AND METHOD FOR CONTROLLING ELECTRIC VEHICLE 

(57)Abstract: 

PURPOSE: To provide a torque controller which can stably control to 
travel by always generating an accurate torque command without 
influence of a shift vibration due to a mechanical resonance of an 
electric vehicle. 

CONSTITUTION: The apparatus for controlling an electric vehicle 
comprises a band removing filter 43 for removing a frequency of a 
specific band corresponding to a mechanical resonance frequency of a 
vehicle 1, torque command generating means 42 inputting a depressed 
amount of an accelerator and number Nr of revolutions of a motor 10 
fetched via the filter to generate a torque command Tr based on 
predetermined characteristics, and motor torque control means 44 
inputting number No of revolutions of the motor to be detected by an 
encoder 36, a motor current (i) detected by a current sensor 30 and the 
command Tr to generate the command Tr. Thus, speed information 
corresponding to a mechanical resonance frequency is so cut as not to 
be input to the torque command generating means by filter means. As a 
result, stable travel control can be conducted even at the time of an 
abrupt torque change. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the electric rolling stock equipped with the dc-battery, the motor which drives a wheel, and the 
control unit which controls the current of said motor said control unit The motor rotational frequency No 
detected with an encoder based on a torque command, A motor torque control means to generate the inverter 
driving signal for controlling the torque of a motor by considering the motor current detected by the current 
sensor as an input, The band removal filter which removes the machine resonance frequency band of a car from 
the information on said motor engine speed No, The control unit of the electric rolling stock which considers as 
an input the motor rotational frequency Nr incorporated through the amount of treading in and said band removal 
filter of an accelerator, and is characterized by having a torque command generating means to generate said 
torque command. 

[Claim 2] The band removal filter from which the machine resonance frequency band of said car is removed is 
the control unit of the electric rolling stock according to claim 1 characterized by being the band removal filter 
from which two or more machine resonance frequency bands are removed. 

[Claim 3] Said torque command generating means is the control unit of the electric rolling stock according to 
claim 1 or 2 characterized by having a car item adjustment means to have the memory holding the data of items, 
such as form of a car, and said machine resonance frequency, and an adjustment means to change the property 
of said band removal filter based on the data of this memory. 

[Claim 4] Said current torque control means is the control unit of the electric rolling stock according to claim 1 
or 2 characterized by having the oscillating control control means which controls the current of a motor so that 
vibration of the car by said machine resonance of a car may be controlled. 

[Claim 5] A dc-battery, the motor which drives a wheel, and a means to detect the rotational frequency No of 
said motor, In the control approach of electric rolling stock that have the current sensor which detects the 
current of said motor, and the control unit which controls the current of said motor, and said control unit has a 
torque command generating means and a motor torque control means From the engine speed No of said motor, 
ask for the motor engine speed Nr which removed the machine resonance frequency band of a car with the band 
removal filter, and the amount of treading in and said motor engine speed Nr of an accelerator are considered as 
an input. It asks for a torque command by data processing in said torque command generating means. With said 
motor torque control means The control approach of the electric rolling stock characterized by what the inverter 
driving signal for controlling the torque of said motor is generated for based on said motor rotational frequency 
No and motor current, and said torque command. 

[Claim 6] Said torque command generating means is the control approach of the electric rolling stock according 
to claim 5 characterized by performing processing which changes the frequency which should be removed with 
said band removal filter based on data modification of the memory holding the item of a car, or the data of said 
machine resonance frequency. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electric-rolling-stock control unit which was applied to the 
control unit and the control approach of electric rolling stock, especially fitted oscillating control of a car, and 
the control approach. 
[0002] 

[Description of the Prior Art] Generally, many elastic members, such as a shaft, are used for the torque 
transmission from the motor in electric rolling stock to a car, and the elastic system is constituted as the whole 
car. Therefore, with sudden change of motor torque, resonance phenomena with a car occur and very unpleasant 
sensibility is given to an operator. 

[0003] The electric vehicle equipped with the torque control equipment which controls a motor current is shown 
so that it may have an oscillating detection means to detect vibration of a car, in JP,4-145806,A and this 
vibration may be controlled, in order to solve this problem for example. 

[0004] When according to the above-mentioned configuration vibration of a car is detected and vibration occurs 
on a car, the current supplied to a motor is adjusted. Thus, vibration of a car is controlled and the displeasure on 
operation is avoided. 
[0005] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned conventional oscillating control 
technique, there is a problem which may not be able to perform control stabilized when the oscillating 
component mixed in the rotational frequency by machine resonance of the car generated at the time of torque 
sudden change like [ at the time of sudden acceleration ] and to say. the machine resonance phenomena of this 
car — especially — the time of starting, and middle — prompt — ** — it may generate at the time of 
acceleration, for example, the acceleration to 1 00 km/h from 80 km/h 

[0006] The purpose of this invention is to offer the electric-rolling-stock control unit and the control, approach 
of not being influenced by machine resonance of the car in electric rolling stock, but generating an always exact 
motor torque command, and performing stable transit control. 
[0007] 

[Means for Solving the Problem] In the control device of the electric rolling stock with which the control device 
of this invention was equipped with the dc-battery, the motor which drives a wheel, and the control device which 
controls the current of said motor said control device The motor rotational frequency Nr detected with an 
encoder based on a torque command, A motor torque control means to generate the inverter driving signal for 
controlling the torque of a motor by considering the motor current detected by the current sensor as an input, 
The band removal filter which removes the machine resonance frequency band of a car from the engine-speed 
information No on said motor, The motor rotational frequency Nr incorporated through the amount of treading in 
and said band removal filter of an accelerator is considered as an input, and it is characterized by including a 
torque command generating means to generate the torque command of a motor. 

[0008] From the engine speed No of the detected motor, the control approach of the electric rolling stock of this 
invention asks for the motor engine speed Nr which removed the machine resonance frequency band of a car 
with the band removal filter, and considers the amount of treading in and the motor engine speed Nr of an 
accelerator as an input. [0009] characterized by what it asks for a torque command by data processing in a 
torque command generating means, and a motor torque control means generates the inverter driving signal for 
controlling the torque of a motor for based on the motor rotational frequency No, a motor current, and a torque 
command 

[Function] Machine resonance frequency has the value of a proper for every car. For example, in a subcompact 
class, it is 3.3-6HZ. Then, engine-speed information containing the resonance frequency of this proper is made 
into the engine-speed information which does not contain resonance frequency through a band removal filter 
means, and it considers as the input of a torque command generating means. Consequently, a torque command 
generating means becomes possible [ performing transit control stabilized since the torque command which does 



.not contain an oscillating component at the time of machine resonance generating by torque sudden change, 
either Was generated ]. 
.[0010] 

[Example] Hereafter, the example of this invention is explained based on a drawing. First, drawin g 1 is the 
conceptual diagram showing the whole electric-rolling-stock configuration which becomes one example of this 
invention. In drawin g 1 , 1 is electric rolling stock and the output of a motor 10 is told to a wheel 4 through a 
shaft 2 and the moderation device 3. With an inverter 20, the direct current voltage of a dc-battery 1 5 is 
changed into the three-phase alternating current, and is supplied to a motor 10. By controlling the frequency of 
the three-phase alternating current, and an electrical potential difference by the inverter 20, the torque of a 
motor 10 is controlled and, thereby, the travel speed of a car 1 is controlled. 40 is a torque control means and 
has the torque command generating means 42, the band removal filter 43, and the motor torque control means 
44. The torque command generating means 42 considers as an input the motor rotational frequency Nr 
incorporated via the amount of treading in and the band removal filter 43 of an accelerator 37, and generates the 
torque command Tr based on a predetermined property. 

[001 1] The motor torque control means 44 considers the motor rotational frequency No detected with an 
encoder 36, the motor current i detected by the current sensor 30, and the torque command Tr as an input, 
generates reference signal Eu* for obtaining motor torque tauM, Ev*, and Ew*, and controls an inverter 20. 
[0012] The band removal filter 43 removes the specific frequency corresponding to the machine resonance 
frequency of a car. This filter may be constituted from an analog circuit which used CR, and may consist of 
software using a digital arithmetic circuit. By minding this filter, the rotational frequency signal N turns into the 
rotational frequency signal Nr with which the frequency component of 6.0HZ was removed. 

[0013] The detail of the torque control means 40 is shown in drawing 2 . In drawing, 20 is an PWM inverter, forms 
the three-phase-circuit alternating voltage of a variable frequency and an adjustable electrical potential 
difference from the direct current voltage of a dc-battery 15, and controls the torque of the three-phase- 
alternating-current motor 10. 30 is a current sensor and detects the primary current (iu, iv, iw) of the three- 
phase-circuit alternating current which flows to the primary coil of AC motor 10. Moreover, 36 is the encoder 
attached in the shaft of AC motor 10. The current control means 70 controls said primary current detected 
through a current sensor 30 to a predetermined value. The alternating current command generating means 80 
generates the command (iu*, iv*, iw*) to the current control means 70. The angle-of-rotation speed detection 
means 100 detects angular—rate-of-rotation omegaM of AC motor 10 from an A phase and a B phase pulse. 110 
is a torque command operation means to generate the torque command Tr based on the amount of treading in of 
an accelerator 37. 130 is an PWM signal generation means to form an PWM signal based on the output signal 
(Eu*, Ev*, Ew*) of the current control means 70. 

[0014] The amount corresponding to the amount which the accelerator broke in with the accelerator opening 
operation means 121 calculates, and the torque command Tr which should be given to the three-phase- 
alternating-current motor 10 by the torque operation means 1 10 based on this result is called for. It is changed 
into torque current command It* through the motor torque regulator 1 12 and limiter 113 which ask for the 
deflection of this torque command Tr and motor torque tauM with an adder subtracter 111, and consist of PI 
(proportionality + integral) compensators. 

[0015] Motor torque tauM calculates iu, iv, and iw which were detected from current sensors 31, 32, and 33 here 
using the torque current It acquired by carrying out d-q conversion, and an exciting current Im. tauM=(3/2) -P - 

(M2/M+12)- Im-It Formula 1 However, the P:pole M: 12:2nd excitation inductance leakage inductance 

exciting-current command Im* is determined as follows. First, magnetic-flux phiR* which should be generated in 
the secondary circuit of a motor corresponding to angular-rate-of-rotation omegaM obtained by magnetic-flux 
pattern generator 82G via the rate sensor 36 and the angle-of-rotation speed detection means 100 is generated. 
The magnetic-flux pattern with which the angular rate of rotation of AC motor 10 was in inverse proportion to 
the angular rate of rotation more than base speed uniformly with below base speed is generated magnetic-flux 
pattern generator 82G. In a multiplier 810, magnetic-flux phiR* is multiplied by the load factor alpha (formula 2), 
and secondary magnetic-flux command phi* is called for. 

Alpha=It*/ItO Formula 2 However, ItO: Ask for the deflection of phi 2 (formula 3) which 

presumed the secondary magnetic flux generated in the torque current of rating, next the secondary circuit of 
this secondary magnetic-flux command phi* and AC motor 10 with the secondary magnetic-flux presumption 
vessel 840 with an adder subtracter 820, and generate exciting-current command Im* from the output of the PI 
compensator 830. 

phi2=(M-Im*)/(1+T2ands) Formula 3 However, angle-of-slide frequency omega s (formula 4) and a 

phase theta 1 (formula 5) are called for by computing-element 80B and computing-element 80C using T time 
constant [ 2 (= (M+12) / r2):secondary ] r 2:2nd resistance torque current command It* and exciting-current 
command Im*, respectively. 

omegas=Ks- (It*/Im*) Formula 4 However, Ks=r2/(M+1 2) 

theta 1=tan-1 (It*/Im*) Angular-frequency (primary angular frequency) omega 1* of a formula 5 



.alternating-current command performs addition with angle-of-slide frequency omegas and angular-rate-of- 
rotation omegaM (omega=2 pi-N^^D) by adder 82F, and is called for. The in^fet phase of an alternating current 
-command is called for by perforrWPthe integral of primary angular-frequen^Wnegal* by integrator 82D. 
[0016] Even if the phase of an alternating current command adds the above-mentioned instant phase and a 
phase theta 1 by adder 80D, it is stopped, and the magnitude of this alternating current command is called for by 
the operation of adder 80A. By the current command generator 80, alternating current command iu* of a three 
phase, iv*. and iw* are generated based on these values. Reference signal Eu* for generating an PWM signal by 
the current control means 70 which consists of an adder subtracter 740,750,760 and an PI compensator 
710,720,730, Ev*, and Ew* are generated so that alternating current iu f of a three phase circuit, iv\ and iw' may 
follow these alternating current commands. 

[0017] With the PWM signal generation means 130, this reference signal is compared with a triangular wave, an 
PWM signal is searched for, and the gate signal of the six-piece power component which constitutes the arm of 
the PWM inverter 20 based on the PWM signal acquired as a result is formed. 

[0018] The band removal filter 43 is a filter which has a decay area near resonance frequency fr of a car, as 
shown in drawin g 3 . At the time of sudden acceleration, motor torque tauM and a rotational frequency N change, 
as shown in drawin g 5 . Therefore, the rotational frequency No containing the resonance frequency detected 
with an encoder 36 is changed as a broken line shows to drawin g 5 . If it asks for the torque command Tr using 
the rotational frequency No containing this oscillating component from the Nr-Tr map which generates a torque 
command, a torque command will be changed as Tr1 shows. Consequently, the rotational frequency of a car will 
become much more unstable, and will give an operator remarkable displeasure. 

[0019] According to this invention, since the effect of resonance frequency fr is removed by the band removal 
filter 43, as the continuous line of drawing 4 shows, the stable torque command Tr2 corresponding to Nr is 
obtained. Therefore, the control unit of the electric rolling stock which has a torque command generating means 
42 to generate the always stabilized torque command Tr is obtained. 

[0020] In the example described above, although it is the case where a car has the resonance frequency of only 
specification, aging of the resonance frequency of a car may be carried out. Moreover, under the effect of a tire 
etc., it may have two or more resonance frequency. The example of drawing 6 and drawin g 7 is a modification 
also coping with such a situation. The torque command generating means 42 is equipped with the car item 
adjustment means 62 in drawing 6 . This car item adjustment means 62 has memory 62A which holds the data of 
the machine resonance frequency f with items, such as form of a car, and f adjustment means 62B which 
changes the property of the band removal filter 43 based on the data of this memory. For every car, resonance 
frequency f is the value of a proper, and this frequency is called for beforehand, and it is inputted or corrected 
from the input means 60. The each is inputted when there is two or more resonance frequency. 
[0021] Drawin g 7 explains actuation of the torque command generating means 42 including the car item 
adjustment means 62. First, the data of a initial value are read (701). When data have modification, it is filter 
subroux CHINNO processing HE **** (702). That is, when resonance frequency f is initialized or changed, the 
frequency which should be removed by filtering is set up. Next, the rotational frequency information No is 
incorporated (703) and filtering processing is performed (704). And after outputting a rotational frequency Nr, it 
returns to step 703. When two or more resonance frequency f1 and f2 .... are set up, filtering processing of step 
704 is performed about the each. 

[0022] According to this example, opposite-processing is easy for aging or two or more resonance frequency 
setup. 

[0023] The control unit of much more stable electric rolling stock is obtained by using together with a current 
torque control means 44 to have oscillating inhibitory control as shows this invention to JP,4-145806,A. 
[0024] 

[Effect of the Invention] According to this invention, the control unit of the electric rolling stock which generates 
an always exact torque command and can perform stable transit control can be offered, without being influenced 
by the shaft vibration by machine resonance of the car in electric rolling stock. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the conceptual diagram showing the whole electric-rolling-stock configuration which becomes 
one example of this invention. 

[Drawing 2] It is drawing showing the detail of the torque control means of drawin g 1 . 
[Drawing 3] It is drawing showing the property of the band removal filter of drawing 1 . 

[Drawing 4] It is drawing showing the rotational frequency N in a torque control means, and the relation of the 
torque command Tr. 

[ Drawin g 5] It is drawing showing the rotational frequency N at the time of sudden acceleration, and the relation 
of motor torque tauM. 

[Drawing 6] It is drawing showing the example which constituted the band removal filter from software. 
[ Drawin g 7] It is the flow chart which shows actuation of the example of drawing 6 . 
[Description of Notations] 

1 [ — A wheel, 10 / — A motor, 15 / — A dc-battery, 20 / — An inverter, 30 / — A current sensor, 36 / — 
An encoder, 40 / — An electric-rolling-stock control device, 42 / — A torque command generating means 43 / 
— A band removal filter, 44 / — Motor torque control means ] — Electric rolling stock, 2 — A shaft, 3 — A 
moderation device, 4 
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